A. t. ('tony') James first came to scientific prominence in the 1950s while working with A. J. P. martin at the medical research Council's national Institute for medical research, London, for demonstrating the practicality of gas-liquid chromatography. this technique enabled the separation and analysis of complex mixtures of closely related volatile compounds down to microgram amounts. the method was rapidly taken up by research laboratories and industrial organizations worldwide. James himself used the technique to study lipid biosynthesis, first in plants and later in animal tissues; he established at the Unilever research Laboratory Colworth house one of the premier lipid biochemistry groups in the world. As his administrative and managerial duties increased, he established himself as a leader in UK science policy, being an advocate for the better funding of biological research through his work for several research councils.
early BackGround tony trafford James was born in 1922 in Cardiff at a time of severe economic depression and unemployment in south Wales. his father, Justin, had been a joiner in the dockyard until 1914 and then served in the middle east during World War I. he was a clever, self-taught man who, among other things, equipped the family with home-built radio sets. he was a fervent socialist and a strong trade unionist. tony's mother, Ivy, was a woman of strong character with a determination to improve her family's lot despite hard circumstances. Both parents were self-educated and tony was brought up, to quote from his own memoir, 'in an atmosphere of books, intellectual argument and socialist political thought'.
his parents, struggling to find work, moved to London in 1929. their hard work and persistence ensured that tony had a good education; when he left primary school in Upper holloway in 1933 it was already clear that he possessed a good brain and had inherited his parents' gritty determination to better himself. there were several secondary schools available and he has written: 'my parents felt that I should choose and, unfortunately for them, I settled for University College school [an expensive public school], despite my left wing views. even then, I realized that if you wanted to beat them you had to join them.' Although he was unhappy there, it gave him a good education and cultivated his interest in science, particularly chemistry. he relates that he was inspired by a 'brilliant lecture' at the northern Polytechnic and by his parents' gift of a chemistry set. Almost immediately, the house had to be evacuated as his first experiment was to heat sulphur over the kitchen gas ring (figure 1).
Student dayS tony chose to leave school at 16 years of age and joined the Kodak Company, where he learned the practical laboratory skills that were to be so valuable to him. Working in his spare time, he gained an Intermediate Bsc at the northern Polytechnic and in 1940 obtained a London County Council scholarship to enrol in the department of Chemistry of C. K. (later sir Christopher) Ingold frs at University College London (UCL), which was promptly evacuated to Aberystwyth for the war years. he emerged with a first-class honours degree in 1943, and a department of scientific and Industrial research grant supported his doctoral research with Ingold and e. d. hughes on the mechanisms of nitrosation and dealkylation of aromatic amines. he wryly remarked: 'this was a miserable piece of work that can still make me blush when I think about it' (figure 2). While writing his thesis, he married olga, the Assistant secretary of the national Union of students. she typed his thesis and he always joked that, from a purely practical point of view, it was a good idea to marry one's secretary. At Aberystwyth he became president of the Joint Universities of Wales and London representative Council, as well as president of the Union society of UCL and vice-president of the University of London Union. he also worked hard for the newly formed International Union of students, for which he wrote much of its constitution-all while working for a Phd! At Kodak he had become a keen communist; this was to last 12 years before he became thoroughly disillusioned. All this brought to a head a crucial decision: should he follow a career in politics or science? science won because, as he said, 'I chose science in the belief that science was more likely to bring about better standards of living than politics', a view that he never lost.
Mill hill dayS: GaS-liquid chroMatoGraphy While tony was working at Bedford College on the synthesis of antimalarials, a growing interest in the biological aspects of chemistry led him to take an evening course in biochemistry at the Chelsea Polytechnic in 1946. he approached sir Charles harington frs, director of the national Institute for medical research (nImr) at mill hill, and dr Alan (later sir Alan) drury frs, director of the Lister Institute, for appointments in biochemistry. harington figure 2. tony's Phd graduation day at UCL with his first wife, olga. offered a post in the division under Albert neuberger (frs 1951) for the 'princely' sum of £550 a year. When interviewed at the Lister, drury offered him £450 to work with r. L. m. ('dick') synge (frs 1950) on the structure of gramicidin s. When tony ventured the information that harington had offered £550, drury picked up the telephone and, in front of tony, muttering 'I'll soon fix that!' protested to sir Charles that he was making life difficult for the Lister, because they could not possibly offer £550. harington reduced his offer to equal the Lister's. Later, James was to remark wryly that never had he lost so much money in such a short period! In the event, he moved to the Lister Institute in 1947 for a very productive period with synge, from whom he learned much about liquid-liquid chromatography.
At the Lister Institute, James met A. J. P. martin (frs 1950), who was to have a profound effect on his career. martin was there while awaiting refurbishment of a laboratory at the nImr. James was performing a separation in the cold room to minimize the breakdown of his compounds. Because there were no such things as automatic fraction collectors then, he had to stay in the cold room throughout the long separation. martin, witnessing his discomfort, promptly invented, with James's help, a suitable automatic collector (1)*, thus beginning a most productive partnership and friendship. soon after this, his laboratory completed, martin invited James to join him at mill hill. his initial project was unproductive, so martin suggested that they have a go at gas-liquid chromatography (GLC). martin and synge's key paper (martin & synge 1941), which described the first liquid-liquid separation and for which they were awarded the 1952 nobel Prize in Chemistry, had contained the significant statement 'the mobile phase need not be a liquid but may be a vapour. By means of this, refined separations may be carried out.' this suggestion, surprisingly, lay dormant for 10 years until James and martin took it up again. George Popják (frs 1961) was in an adjoining laboratory at the nImr, studying the biosynthesis of so-called volatile fatty acids (VfA) in rabbit mammary gland and needed a less laborious separation, so it seemed appropriate to start with VfA.
the VfA have low boiling points, and James thought that they would make good 'model substances' for a first attempt at GLC since they could be vapourized so easily. martin suggested that the column could be run at room temperature, which should have been adequate for the acids with very short chain lengths: acetic, propionic and butyric, with two, three and four carbon atoms, respectively. nitrogen was used as the mobile gas phase. the emerging separated fatty acids were to be determined by simple titration. the column effluent was passed into a test tube containing an indicator substance for titration of the fatty acids. By rigging up a photocell, they counted the number of drops of a known concentration of alkali that would neutralize the separated fatty acids. A chart recorder attached to an automatic burette plotted the number of drops against time and, assuming that separation had occurred, there should be a series of steps in the graph, each corresponding to the emergence of one of the separated compounds. much to the pair's surprise and disappointment, no separation of the short-chain fatty acids was apparent; each emerging band overlapped with the next. Puzzled by this failure when they had been confident of success, they explored a wide range of alternative stationary phases and different column geometries. the wide-bore column was replaced by a simple narrow-bore glass tube with a liquid film on the inside surface. to enhance the rate at which the substances in the moving phase equilibrated with the stationary phase, they ingeniously arranged a helical spring inside the column that rotated through a gland, so stirring the film continuously; yet still they found overlapping zones of fatty acids from the mixture.
* numbers in this form refer to the bibliography at the end of the text. the next step was to ask whether there were something odd, not with the column itself but with the physical-chemical properties of the volatile fatty acids. they decided instead to try to separate volatile bases instead of fatty acids, and chose a mixture of ammonia and its related methyl amines: monomethyl, dimethyl and trimethyl amine. At last there was the taste of success: they obtained a chromatographic trace that indicated that quite a reasonable separation had been achieved (2, 3) . James records this 'eureka moment' by saying: 'that then gave us the first real way of showing that the gas chromatogram was perfectly feasible and that refined separation of very small amounts of material was achievable.' numerous refinements were made, and the complete chromatographic system consisted of a glass column held in a vapour jacket by which the temperature of the column could be varied by changing the refluxing solvent (4) . nowadays, when a whole range of sophisticated instruments is available 'off the shelf' incorporating electrically heated thermostatically controlled devices, it is easy to forget that in the early 1950s, when this work was in progress, you either made them yourself or did without. this early gas chromatogram is now in the science museum. James remarked with characteristic sardonic humour: 'I don't recommend putting one's original apparatus in the science museum-it's like erecting your tombstone!' returning to the problem of separating fatty acids, James and martin concluded that under the conditions they were using, the short-chain fatty acids 'dimerized', in other words, two molecules associated together and behaved as one with twice the molecular mass in that area of the zone with the highest concentration of fatty acids. In the low-concentration part of the zones, the fatty acids were in the form of 'monomers' and their distribution coefficient was in favour of transfer into the moving phase, whereas in the high-concentration areas it favoured the stationary phase. their solution to the problem was to add a long-chain fatty acid to the stationary phase: this swamped out the concentration effect and allowed a clear separation between the zones. the paper describing the gas-liquid chromatographic separation of fatty acids was quickly published in 1952 in Biochemical Journal (4) . the first public description of the technique itself was presented by James at a meeting of the Biochemical society at mill hill in october 1951.
Improvement of the detector was the next priority. they already had a detector-the katharometer-but martin disliked it because its operation was sensitive to the flow of the gas stream through the column and needed to be recalibrated for every substance to obtain quantitative results. soon, martin, in his inimitable way, was designing an improved katharometer in which the flow was at right angles to the axis of the wire, which made it inherently much less sensitive to flow. they found that the qualitative response of the new detector was not affected by flow rate and, quite gratifyingly, it was much less noisy than the conventional type. It was characteristic of martin that this work was not published; James does not comment, in his later review, dedicated to martin (21), on his own feelings about this but it is likely that he was frustrated by his colleague's lack of interest in publication. such was his huge regard for martin as a scientist and as a human being that he was meticulously careful in not referring to such frustrations. (he later learned of martin's sensitivity over dyslexia.) the next step was to explore the possibilities of measuring the mass of the eluted compounds directly. After abandoning the idea of a microbalance, they returned to a device that martin had suggested many years before. this was what was known as the 'gas density balance', a most ingenious device constructed of glass and comprising a three-dimensional set of interconnecting channels. In parallel with the separating column, which fed a gas stream into one side of the device, there was another reference column with exactly the same stationary phase, length and pressure drop, feeding in a gas stream from the opposite side. As soon as there was a difference in density between the effluents from the columns owing to the presence of a solute in the gas phase, there was a movement of gas from one stream to another to restore equilibrium through a cross-channel in the centre of the gas density balance. this flow was detected by locating an electrically heated wire loop in the cross-channel, which produced a convection current rising to a system of two thermocouples. As soon as there was any gas flow from one side of the gas density balance to the other, the hot convection current was deflected, one thermocouple becoming hotter than the other; this produced an electrical signal that could be amplified and fed to a recording galvanometer. major advantages of this system were that it could be calibrated absolutely in terms of the difference in molecular masses of solute and carrier gas and, when adjusted correctly, it was independent of the flow rate through the column and more sensitive than the katharometer. Later, James was to work with James Lovelock (frs 1974) on the argon detector, which was widely used in commercial machines (7) .
the duo now started to think about expanding their interests to the separation of a wider variety of chemical substances. during the construction of the gas density balance, they received a visit from n. h. ray of ICI, who later published a series of good separations of alcohols and aliphatic halides. martin and James turned to the hydrocarbons to explore further the rules governing chromatographic behaviour. not only were their interests practical but they also extended to developing the theory of chromatographic separation. they set about trying to separate the components of 40-60 °C, 60-80 °C and 80-100 °C boiling-range petroleum fractions. James and martin discovered that a collection of pure hydrocarbons was held by British Petroleum (BP). In response to their enquiry to BP whether they could obtain samples, particularly C 5 -C 8, they received a polite letter asking what they intended to do with them. they sent copies of their GLC separations of the three petroleum fractions, pointing out that these were the very first gas-chromatographic separations of paraffin hydrocarbons. two days later, BP's director of research arrived at the mill hill Laboratory. As a result of this visit, BP abandoned its spinning-band distillation columns and replaced them with GLC analysis, which was extensively developed by denis desty (frs 1984).
the potential of GLC to revolutionize analytical chemistry was obvious. It would also stimulate studies in lipid metabolism that had been held back by the lack of, or laboriousness of, methods needed to separate individual lipid types on a micro-scale. At the time, all the knowhow was in one laboratory, and scientists from all over the world were turning to mill hill for assistance with the technique. for many people it would have been the obvious opportunity to make a financial killing by patenting the technique. In his memoir, James recalls (in an unobtrusive and brief aside) that Archer martin and he 'had discussed whether or not to patent the gas chromatogram and had decided not to, so as not to hinder the rapid take-up of the technique' (my italics). Again, this throws interesting light on the character of these men.
there followed a series of papers on, among other subjects, the lipid composition of various microorganisms, the plasma of patients with ischaemic heart disease and the plasma of patients with fat malabsorption syndromes. Work with t. d. Kellock at the Central middlesex hospital resulted in the discovery of a new fatty acid in the fatty stools of patients who could not absorb fat (8) . this proved to be 10-hydroxystearic acid, a product of microbial fermentation in the large intestine.
this was the stimulus that James needed to launch his interest in the biosynthesis of long-chain fatty acids. At that time, little was known about the pathways of formation of these substances in any organisms. In his paper on the identification of 10-hydroxystearic acid tony ventured to suggest that the hydroxy-acid night be an intermediate in the conversion of stearic acid (an 18-carbon saturated fatty acid) into oleic acid (the corresponding mono-unsaturated fatty acid with the one double bond between carbon atoms 9 and 10, numbering from the carboxyl end of the chain). theoretically, this was a feasible mechanism because it would involve the removal of the elements of water (a common reaction in biochemistry) from the hydroxy-acid to form the centre of unsaturation. Konrad Bloch's team, at harvard University (Bloomfield & Bloch 1960) , had identified such a mechanism as involving oxygen and a reducing agent (reduced pyridine nucleotide). they had also demonstrated an excellent conversion of 9-hydroxystearic acid to oleic acid in a cell-free preparation of yeast. James sent a sample of his isolated 10-hydroxystearic acid to Bloch, but apparently Bloch had no success in getting it converted into oleic acid in the biochemical preparation that he was using. James and marsh (10) demonstrated that stearic acid labelled with 14 C could be converted into hydroxystearic acid and oleic acid in rat liver, but they could not convincingly show that hydroxystearic acid was an intermediate. there followed what James described as 'an enjoyable series of competing papers with Konrad Bloch'. he added as an aside: 'not the person I would have chosen as a competitor as he was a far better biochemist than I but I was occasionally lucky. ' other collaborations at that time were with several biochemists studying the way in which the short-chain fatty acids produced by the fermentation of feed carbohydrates by microorganisms in the rumen of cattle and sheep were incorporated into the lipids of the ruminant tissues. most naturally occurring fatty acids are even-numbered because they are formed by the linking of acetic acid molecules, which each have two carbon atoms. the ones with odd-numbered carbon chains were formed when the initial reaction involved the joining of a two-carbon acetic acid with a three-carbon propionic acid molecule (formed by rumen fermentation), followed by a series of condensations with acetic acid to form a long carbon chain. G. Peeters from the University of Ghent visited James, bringing with him samples of fatty acids that he had isolated after perfusing cow's udder with propionic acid that had been radiolabelled with 14 C. Using a gas chromatogram with a katharometer to detect the relative mass of the separated fatty acids coupled with a proportional radioactivity counter devised with e. A. Piper (9), James was able to identify the fatty acids synthesized in Peeters's preparation and also to determine the mode of biosynthesis by identifying precisely where the radioactive carbon atoms occurred in the chain (5) .
When martin left the nImr in the mid 1950s, tony James worked closely with James Lovelock. they studied lipids in the blood of patients with coronary artery disease (CAd) and this was the beginning of tony's intense interest in lipid involvement in CAd (6) . Although James was unable to continue his work on the role of lipids in CAd once he joined the Unilever Company (see below), his pioneering work with the use of GLC techniques to separate and identify small quantities of lipids in body fluids and tissues opened the way for others subsequently to demonstrate the importance of lipids in CAd. It has been said by some of tony's work that he was 'merely' a brilliant technician, especially in terms of his prowess in separation techniques, but he himself always said that the techniques were merely a means to an end and his real interest was the study of lipid biosynthesis in biological tissues. despite the happy collaboration with Lovelock, tony became restless because conditions at the nImr did not allow the expansion he craved. While at mill hill, he had become an unpaid consultant for Unilever (mrC rules did not allow him to accept payment) and when the company offered him laboratory space for a group of 12 scientists, with a remit to do research of his own choosing and a salary twice that which he received from the mrC, he felt this was an offer he could not refuse.
unilever reSearch
In 1962, James set up his Lipid Biosynthesis Group at the Unilever research Laboratory Colworth house, near Bedford. for the rest of the decade this laboratory was a world centre for studies of the metabolism of (mainly) plant lipids and their associated acyl groups and in particular trying to understand the mechanism by which double bonds were introduced into saturated fatty acids to form unsaturated ones (figure 3).
fatty acid biosynthesis and metabolism in the early 1960s was a very new subject, especially as it related to mechanisms in plants. the development of GLC provided the impetus for this to change rapidly, but at the time there were only about three major laboratories in the world researching the process of fatty acid desaturation in plants. these were: the team under Konrad Bloch (formemrs 1985) at harvard University (Bloch received the 1964 nobel Prize in Physiology or medicine for his work on unsaturated fatty acid biosynthesis as well as for elucidating the cholesterol pathway from acetate); Paul stumpf's group at the University of California, davis, and tony James's new team at Colworth house. there was an aura of great excitement and friendly rivalry. James was adamant that his laboratories should have an 'open plan': offices for scientists were forbidden so that interaction between research workers was maximized.
from the start, the continuing development of separation and analytical techniques went side by side with fundamental studies on metabolic pathways and mechanisms. A key technique was GLC coupled to a radioactivity detector that tony had earlier developed at mill hill with e. A. Piper (9) . Better methods of thin-layer chromatography-especially suited to rapid separations of complex lipids (13)-were being developed by James's colleagues, Lindsay morris, Bryan nichols and Kit hitchcock. Gas chromatography was not applicable to the complex lipids present in tissues, only to their fatty acid constituents that were routinely converted into their methyl esters. thin-layer chromatography was the method of choice for the complex lipids at that time (high-performance liquid chromatography had yet to be developed) but detection, and more particularly the quantitation, of compounds on thin-layer chromatography plates was more problematic (figure 4). James and colleagues developed a simple and sensitive radioactivity scanner for thin-layer chromatograms (14) and (with r. scott) pioneered the technique of GLC on so-called capillary columns, which allowed the extremely efficient separation of very small quantities of closely related compounds (11) (figure 5). the team's work began to generate the glimmerings of an idea that the 'desaturation' reactions (the introduction of ethylenic double bonds into the hydrocarbon chain of fatty acids) in green plants followed a biochemical pathway that was significantly different from the 'classic' pathway worked out in the 1950s and early 1960s. In the classical pathway, the fatty acids needed to be in the form of their coenzyme A (CoA) thiol esters during the introduction of the double bond (abstraction of two hydrogen atoms from adjacent carbon atoms) followed by transfer of the acyl group from its CoA ester to the glycerol backbone of a complex lipid. the new scheme envisaged the transformation occurring while the acyl group was esterified (as an oxygen-ester) in a complex lipid. there were precedents for this in other types of lipid acyl chain constituents (for example cyclopropane groups) but it had not been described for polyunsaturated fatty acids in plants. Work in the James laboratory between 1962 and 1968 established that the desaturation of oleic to linoleic acid occurred while the fatty acids were esterified to phosphatidylcholine in the chloroplast membrane (12, 15, 18) . this finding was contested at first by Bloch and others but is now recognized as the general pathway in plants.
James and morris tackled the mechanism of formation of double bonds in precise molecular terms (16) . did the two hydrogen atoms on adjacent carbon atoms in the original saturated carbon chain come off simultaneously or were they removed one at a time? Bloch had shown that the process of desaturation clearly required the presence of molecular oxygen; this suggested one possible mechanism, namely the prior introduction of oxygen into the fatty acid chain to produce a hydroxy fatty acid, followed by the removal of the elements of water, h-oh, from the adjacent carbon atoms to leave a double bond between them. however, morris, a first-class organic chemist, synthesized substrates of different chiralities, and subsequent experiments demonstrated that the hydrogen atoms left simultaneously. the time was fast approaching when studies on a purified desaturase enzyme protein would be necessary to solve this problem (figure 6). nobody had yet achieved this. the desaturase is one of many enzymes that are bound tightly to animal cell membranes, and at that stage in biochemical development it was still a difficult task to isolate proteins from membranes without damaging them so that the purified protein still had good catalytic activity. It was decided that success would be more likely to be attained with a desaturase from an animal rather than a plant tissue, because the cells of the former could be broken more easily. disruption of hen liver cells followed by ultracentrifugation revealed that the desaturase activity was in a 'supernatant' fraction after very-high-speed centrifugation had removed most of the cellular membranous particles, where activity normally resided (17) . further separation into discrete protein fractions proved difficult and the hunt was finally abandoned, although a team in the UsA accomplished the purification many years later.
towards the end of the 1960s, the basic research under James's administration began to broaden. having established the Biosynthesis Unit as a productive research team, he turned his attention to other areas of science. In 1968 he was given responsibility for managing a programme of research into the use of cultured plant cells to produce useful chemicals, as well as to generate clones of cells as an alternative to vegetative reproduction. the original concept was to persuade cultured cells to do the required biochemistry to produce a range of essential oils. however, techniques available at that time were not well enough developed and attention turned to the notion that producing clones of oil palm would be a great advantage to the company because of the extreme variability of conventional oil palms and their long growth period. the oil palm (Elais guineensis) produces two valuable oils-palm oil (from the mesocarp) and palm kernel oil-that are used in the foods and detergents industries. Conventional breeding methods are slow, difficult and unreliable and it can take up to seven years to make a realistic evaluation of the progeny. Palms from conventional breeding programmes vary considerably in oil quality and yield, the best or 'elite' varieties yielding 20-30% above average. It was therefore not possible to breed a stable or uniform supply by conventional means; however, if elite palms could be successfully cloned, large numbers of high-yielding plants could be produced, bringing commercial benefits to Unilever and to the economies of several tropical regions. Culture methods offered the possibility for producing figure 6 . tony at his desk at Colworth house as manager of Biosciences division. on his desk is a space-filling model of oleic acid when he was trying to model the active site of the fatty-acid desaturase enzyme.
the best progeny from conventional plant crossings in virtually unlimited numbers in a single season. James invited Laurie Jones, a plant physiologist, to manage the plant cell culture project. despite many difficulties, the team began to get regenerated plants from culture in about 1972. over the years, refinements were made to the growth media for producing plantlets with vigorous root and shoot growth. once the plants had been successfully established, Unilever set up a small laboratory in malaysia for starting cultures and raising plants. Culture success remained a hit-and-miss empirical art with low success rates; although today these difficulties have been overcome, these problems were occurring at a time when, in any case, Unilever's main commercial objectives were changing: the company wanted to concentrate on 'core' business and did not want further involvement in primary agricultural production. Although James was not greatly involved in the research, it was largely his vision, his determination to support good science in the face of scepticism from colleagues, and his encouragement of his scientists that brought the project to the stage where commercial success was in sight. this narrative illustrates a problem that James encountered many times during his employment with Unilever research: the continuing conflict between the fundamental scientist and those who required quick commercial results at an affordable price. his role in the oil palm project was mainly a supportive one, defending the project against changing, more short-term, management objectives. James summarized this work in a lecture to the royal society in 1983 (19).
Under James's management, fundamental research at Colworth house began to diversify in the 1970s. As a result, much of the original work on lipid metabolism was decreased, although research into the ability of lipase enzymes to function in organic, as distinct from aqueous, solvents was to lead to important commercial developments. Lipases cleave the fatty acids from fat (triacylglycerol) molecules to yield a mixture of fatty acids and glycerol, each of which has industrial applications that differ from the original fat. many lipases are specific for the position of the fatty acids on the glycerol backbone, but the James team focused on a lipase from the microorganism Geotrichum candidum that was specific for a particular fatty acid (oleic acid) irrespective of its position, allowing the production of pure oleic acid. other lipases catalyse not only the release of fatty acids from triacylglycerols but also the exchange of one fatty acid for another. this provided the starting point for providing alternatives to cocoa butter, an important component of chocolate. Cocoa butter has an ideal triacylglycerol composition because its melting behaviour allows the chocolate to melt rapidly in the mouth, releasing its complex flavour. It is, however, much more expensive than palm oil, which has the required triacylglycerol molecules but not in the most favourable proportions. the lipase technology enabled the production of a cocoa butter alternative with a more suitable triacylglycerol structure than the original palm oil.
James set up a Biophysics division at Colworth, under f. franks, concerned with water structure with particular reference to the role and behaviour of water in food products. Later, from 1970, carbohydrate research work aimed at characterizing food raw materials for specific uses was developed by dr david ('dai'; now sir dai) rees (frs 1981). the team used the capacity of many polysaccharides to hold large amounts of water to develop a range of food products of widely differing texture. In non-food products they also exploited this property in so-called disposable products such as babies' nappies. the team developed 'Lyogel', a superabsorbent material that was capable of absorbing up to 40 times its own weight of water. It was prepared by chemical modification of potato starch with a chemical reagent ('epichlor-hydrin') that cross-linked the polysaccharide chains. this produced an insoluble rehydratable gel whose absorbent properties could be enhanced by further chemical treatments. other types of molecule gave rigidity to food raw materials, and others provided 'creaminess' and had applications in ice creams and low-fat spreads. yet other polysaccharides found uses in so-called reformed fruits.
As work with palm cultures was progressing, James initiated and involved himself closely in the possibilities of producing flavour and aroma compounds (mainly terpenes) from cultured cells. this needed a deeper understanding of the biochemistry of these cultures and, most importantly, the regulation of gene expression required to trigger oil synthesis. James also dreamed of manipulating the fatty acid biosynthesis pathway in oil crops. this was at the very beginnings of plant molecular biology. James realized that plant molecular biology was going to be important for plant breeding, and it was vital that Colworth should have a research group in that field. the group set to work to acquire the skills of plant cell transformation and the recovery of transformed plants. oilseed rape was chosen as the model system, having the advantages of easy culture and of being a commercially important oil crop. Good progress was made in parallel with work outside Unilever. one of the key steps in the selection of transformed plantlets from culture is to use a gene that can easily be selected. herbicide tolerance was an obvious target. Later, Unilever made the decision to withdraw from this topic and sold out to monsanto. the James team also worked with the so-called flavr savr tomato that originated at nottingham University. they demonstrated the benefits of the flavr savr in tomato pastes, although Unilever were not involved in marketing the final product.
While James was developing applications for the GLC technique at the nImr at mill hill in the 1950s, he had collaborated with many biochemists and clinicians at home and abroad. subsequently he jointly published papers on diet and human blood lipids as well as on the composition of human breast milk. In a memoir he wrote, 'I was slowly being drawn into human nutrition'. he did not pursue this line of research at Colworth house. the laboratory had no easy access to clinical facilities, and gas chromatography facilities and expertise were becoming widely available to clinical scientists in medical schools and hospitals. furthermore, the Unilever research Laboratory in Vlaardingen on the outskirts of rotterdam in the netherlands was recognized as the focus for human nutrition in the Unilever company. however, in the early 1970s, James became convinced that a laboratory the size of Colworth should have a human nutrition research programme. Colworth had substantial investment in nutrition research for the animal feeds industry and toxicological and nutritional studies devoted to the safety of food products within environmental safety division, for which James had managerial responsibility for a period. James established a human nutrition Working Group, whose brief was to assess the company's expertise in human nutrition, what the company needed to know and what research might be required. As a result, he was able to set in train several human nutrition initiatives, both in fundamental and applied research, but all were short-lived. unilever: ManaGeMent James had been recruited by Unilever in 1962 on the understanding that he could pursue a topic of fundamental research of his own choosing, with few strings attached, and this was entirely in line with his aspirations. however, it was inevitable that a man of his talents would soon become involved in management. Although he rejected an invitation in 1964 to head up a large division that would have included much work of a commercial nature, he offered instead to develop a basic biosciences division that would underpin much of Colworth's programme with good science. he was already reflecting a deep-seated view that fundamental science was the only activity that would satisfy him. he did, however, succumb to the pressure to develop his own knowledge of business principles by agreeing to take the course in business management at harvard University Business school in 1967-68.
At laboratories such as Colworth house, a wide spectrum of research and development activities evolved. some work was directly funded by the operating companies to support their immediate needs for innovation and new products. At the other end of the spectrum there was the fundamental 'blue skies' research that was almost academic in its nature and reached its fullest flowering with the appointment of tony James in 1962. As time went by and the company became more complex, with the acquisition of additional operating companies and a wider variety of products and activities, the laboratory structure and management needed to adapt and change. such changes involved the more rigorous application of business techniques and principles to the management of research. these included the establishment of an 'operations research' department, the introduction of 'matrix management', with the weakening of the department structure and the establishment of 'co-ordination management' both at a national and an international level in an attempt to make the research effort more relevant to the changing needs of the business. After James's return from harvard Business school in late 1967, it was clear that the company's management had marked him out for higher things. the days of focusing on pure biochemical research were numbered. James was given responsibility for 'coordination areas' comprising Central funds (money for fundamental research raised by a levy from the operating companies) and Chemicals. At the same time, he became a member of the Laboratory's executive Committee, a post that he retained until his departure from Colworth in 1985. A notable responsibility also taken on by James at this time was for the environmental safety division (esd). this division was of crucial importance to the Unilever Company because it ensured the safety of all products in the Unilever range, including foods, chemicals and toiletries. the nature of research activities requires the identification of projects. these changed in size and reporting lines throughout the continual reorganizations that were a feature during James's career with Unilever. After about 1974, he had the power to initiate novel and large projects related to the company's current and future businesses. despite his outward stance of primary support for 'pure' research, he took his company responsibilities very seriously and commissioned a wide range of innovative projects all based in bioscience, which he believed was integral to the company's needs. those close to his own expertise and interests he championed directly, whereas others were delegated. tony's control of Colworth's central funds meant that he could initiate projects too far in the future for the business groups to contemplate, and tensions often arose with his more commercially minded colleagues ( figure 7) .
James had his own characteristic style as a science manager. his preference was to manage people individually and privately, rather than through open edicts or 'mission statements'. this resulted in interactions with his staff that could be intense (if he had decisions to be implemented) or almost non-existent (if he was either uninterested or felt that no action by him was required). the latter could give rise to the assumption by some that he did not care about his staff or colleagues, but this was never the case. If he agreed with their actions, his support was quiet but unwavering. Although, as hinted above, this could lead to tensions, it undoubtedly contributed to a freshness of approach in bringing together research and business activities. acadeMic and GovernMental work once he had established his research facility at Colworth house in 1962, tony James was keen to foster greater links between academia and industry, and held a chair at Loughborough University. soon after arriving at Colworth he was appointed Professor of Industrial technology in the department of Chemistry of the University of Loughborough, some 50 miles from Colworth. Although he held this visiting professorship nominally from 1966 to 1971, few records exist of his duties there. the university holds a record of his inaugural lecture, given on 8 march 1968 and entitled 'Biochemistry and the future'. he did, however, have students in the Colworth Laboratory working for higher degrees as well as many overseas postdoctoral workers from all over the world. James received the degree of doctor of science honoris causa from silsoe College, an agricultural college of Cranfield University.
having become increasingly interested in biochemistry as a chemistry research student, tony James joined the Biochemical society in 1947. Later, well established as a biochemist at Colworth house, he was able to be of service to the society in a variety of ways. In 1962, when James moved to Colworth house, he persuaded the company to finance the provision of a medal. this award, known as the Colworth medal, was first presented in 1963 and given annually thereafter to a British biochemist, who would not normally be over the age of 35 years and whose work showed outstanding promise. over the years, the Colworth medal has gradually increased in prestige and is now regarded as one of the highest accolades that can be bestowed on a young British biochemist. the list of medallists contains many names of biochemists who became leaders in their fields and demonstrates how well the assessment committee had chosen. Another contribution to the Biochemical society was the establishment of the Unilever european fellowships. first awarded in 1965, they enabled one British biochemist to work in a laboratory in mainland europe and a european national to work in a UK laboratory for one year. the only condition attached to the award of the fellowship was that any publication arising from work performed during the period of the award should carry a statement that the author was a Unilever fellow of the Biochemical society. these fellowships were successful in encouraging young biochemists to gain wider experience within european laboratories.
In 1964 the Biochemical society began a process of establishing subject groups. there was considerable interest, in the James team at Colworth and elsewhere in the UK, for a Lipid Group, and James readily lent his support and influence in getting it started; he continued throughout his career to give the group help and support.
In 1991 James was interviewed by trevor Goodwin frs, then Professor of Biochemistry in the University of Liverpool, for the society's Archive series. this interview is available on dVd and provides a detailed account of his life (20) .
Until the late 1950s the study of lipids had been a 'Cinderella' subject, most of the interest being in the nucleic acids and proteins. that started to change in the early 1960s with growing interest in the essential fatty acids, in lipid-metabolizing enzymes and in the role of lipids in biological membranes. A group of mainly european biochemists and clinicians, sensing this growing interest, came together to found what was to become a series of scientific conferences dealing entirely with lipids: the International Conferences on the Biochemistry of Lipids, now always referred to as ICBL. James was much involved from the start, mainly because of his introduction of the GLC technique, his pioneering work in lipid biochemistry with GLC as a tool, and his acquaintanceship with the leading founder members. he was elected president of ICBL in 1969 and again in 1973 and thus was the chairman of its steering committee from the start of January 1970 to the end of december 1977.
While at Colworth house, James became more and more interested in science policy, and during the 1970s and 1980s he became much involved in work with several research councils, including the science research Council (srC; later the science and engineering research Council, serC), the Agricultural research Council (ArC; later the Agricultural and food research Council, AfrC) and the medical research Council (mrC). James had been employed by the mrC at the nImr, mill hill, before moving to Colworth, but once at Colworth his main involvement with the mrC was not directly on that council's governing body but as a member of the Joint ArC/mrC Committee on food and nutrition research from 1970. the committee was chaired by Professor Albert neuberger, a prominent biochemist who had been a colleague at mill hill, and its remit was to advise the research councils on research that it would be appropriate for them to support. the report laid particular stress on the need for work at the level of the whole animal and also considered epidemiological approaches to problems of the community. most importantly it recognized, on paper at least, that nutrition was a legitimate subject of academic study and, as such, impinged on the interests of both the mrC and the ArC and that the erection of artificial barriers for traditional and political reasons could only detract from the acquisition and application of nutritional knowledge.
James contributed to this committee until 1975 and developed strong views on the need to break down barriers between what were regarded as the responsibilities of the mrC with regard to diet and human health and those of the ArC in supporting agricultural production. James's contention was that 'food' should become a responsibility of the ArC (working together with the ministry of Agriculture, fisheries and food) and fought long and hard to put the 'f' into ArC, eventually bringing about the establishment of the Institute of food research by the integration of institutes at norwich, reading and Bristol. he thought that the ArC had been too much concerned only with primary production and that artificial barriers between the production of food and its function in sustaining human health had held back progress. Why should there not be a government programme in food science research, as existed within private companies such as Unilever? It may not be a coincidence that, at a time when he was contributing forcefully to this committee, he was also putting into place similar measures at Colworth house.
these connections with the ArC also threw up several additional roles. James was a member of the director's Committee at the rothamsted Institute and at the Institute for Animal Physiology, Babraham, Cambridge, as well as being scientific Adviser to the Agricultural Committee of the house of Lords. the ArC was directly responsible to the UK government through the ministry of Agriculture, fisheries and food, so it was inevitable, in his mission to promote research in food and health at a national level, that he became involved with that ministry. from 1973 to 1979 he chaired the ministry's food Composition, Quality and safety Committee. Later, in 1976, he joined the food science and technology Board under the chairmanship of Professor A. G. Ward.
At least as important as that for the ArC was James's work during the 1970s and 1980s for the science research Council (srC), which became the science and engineering research Council (serC) in 1982. he became a member of the science Board (then under the chairmanship of sir hans Kornberg frs, followed by sir Brian (later Lord) flowers frs and sir sam edwards frs) and continued on it until 1977. he chaired the Biological sciences Committee in 1972 and was a member of its main Council from 1973 to 1977. In response to a question from trevor Goodwin (20), James said that he did not feel at that time that 'biology was getting a fair crack of the whip'. It was difficult to fight for funds against the big spenders such as nuclear physics and astronomy. Biology had not become 'instrument controlled' to the same extent and, moreover, did not have the organization to act with one strong voice for all its diverse professionals. Indeed, it was only in 2010, four years after James's death, that biologists formed an organization, the society of Biology-by merging the Institute of Biology and the Biosciences federation-that could truly speak for all biologists. James would have been very supportive of this development: in his Biochemical society archive interview (20) he lamented the fragmentation of biological interests and made a prophetic plea for the closer collaboration of the research councils, the royal society, the Biochemical society and the Institute of Biology.
through the serC he became chair of the daresbury Laboratory establishment Committee (1977-79). moving into the 1980s, James was becoming more and more interested in aspects of biotechnology. he was responsible for the development of several biotechnology programmes at Colworth and brought his experience to the work of the serC's Biotechnology management Committee from 1981 to 1984. his influence reached to parliament when in may 1982 he gave evidence to a Parliamentary Committee on Biotechnology. he and others were closely questioned about the potential for biotechnology for the UK economy, and much discussion was given to the appropriate division of effort and funding between universities and industry and the role of the government in supporting such initiatives. James took the lead in advising on the types of research appropriate to industry and academia. In the minutes of this session, James made much mention of the CAse award scheme (Cooperative Awards in science and engineering), in which industry supported Phd studentships in specific topics relevant to the work of the serC. the student was required to spend part of the time working in the academic institution and part in an industrial laboratory, the latter being funded by the industry. James had been influential in setting up this scheme; he certainly encouraged his staff at Colworth house to supervise CAse award students, and he himself participated.
James was proud to have been the recipient of a CBe, awarded in 1979, mainly for his work for the srC. his final work for the research councils spanned the period 1983-87; this was concerned with his membership of the Advisory Board for the research Councils. this organization was responsible for advising the secretary of state for education and science on the size of the science budget, which was determined annually as part of the public expenditure round. It also advised on how available funds were to be distributed between the five research councils, the royal society, the fellowship of engineering and the natural history museum. the remit went even further, because it commissioned studies on various aspects of science policy and the state of the science base that were designed to help in the formulation of sound advice. It was therefore a potentially extremely powerful body with regard to science policy in the UK.
the end of a Scientific career After leaving Colworth house, where he had worked for 23 years, James was not inclined to relinquish all his former interests. he had become much involved in the politics and management of science at company, national and international levels and, while at Colworth, had been casting around for a role that would keep these interests alive but allow him some space for his new family (see below) and personal pursuits. helen muir, a friend and colleague and then director of the Kennedy Institute for rheumatology, as well as a trustee of the Wellcome trust, had approached him on behalf of the Wellcome foundation.
When the offer came of a non-executive directorship, he accepted with alacrity, having been interested in diverse medical issues since his days at the nImr. his main task, he said, was 'to offer wise advice but I'm not sure that I did it well.' during his time there he was a member of the Audit Committee. As a non-executive director, James worked closely with Professor trevor Jones CBe, who was Wellcome's director of r&d from 1987 to 1994 and as such was responsible for the development of many important pharmaceutical products. one has the impression that this period with Wellcome provided a pleasant, less stressful end to a notable scientific career. he was able to pass on a considerable store of experience and good sense, while still having time to spend with his second family in which he delighted.
MeMory of the Man tony James was a dedicated family man but kept his private life very separate from his professional life and rarely entertained or socialized. he married olga Clayton in 1945 as a research student and they had three children: Brian, Glyn and mair. olga died in 1980, and in 1983, at the age of 61 years, he married Linda Beare, who had been manager of Colworth's travel department; their son, Adam, was born in 1985. tony devoted himself more and more to his 'second family' when he took early retirement from Unilever research in 1985. In the 1990s his health began to deteriorate as a result of Parkinson's disease. never a particularly sociable person, he withdrew more and more-'not wishing people to see me in this state'. his contribution to science was enormous and his work was recognized by awards from the franklin Institute of the UsA, the American society of Cosmetic Chemists, the french Biochemical society and the American oil Chemists' society. It is a measure of his liberal outlook that, although the development of GLC dramatically transformed analytical chemistry, nothing was ever patented. the ideas were allowed to be used broadly by the scientific community and the instrument developers. that is why GLC developed so quickly and so widely. he and martin could have made millions but they chose not to. the science was more important.
If I may end this memoir on a more personal note, I found tony James a man of great kindness, always accessible, supportive and encouraging to a young scientist beginning his career. I always emerged from a scientific problem-solving session with him feeling better about myself and my work than when I had gone in, such was his capacity to encourage and enthuse. however, relationships could become difficult if one did not realize one's potential according to his vision! he expected one to work hard, and his expectations were high. this memoir is based on my work in progress for a biography of dr James, and my interviews with many colleagues confirm my own impressions, although a few did not share this view. I shall remember him, sometimes with exasperation but always with great fondness and gratitude. acknowledGeMentS I am currently (2012) preparing a biography of A. t. James, and the material for this memoir is entirely drawn from the draft of that biography. I am indebted to many of James's former colleagues for information and reminiscences and to the Biochemical society for access to their archive, for which James was interviewed by Professor trevor Goodwin frs in 1991 (20). I am particularly grateful for detailed and invaluable help from his widow, mrs Linda James, his son mr Brian James, dr Laurence h. Jones, Professor Peter Lillford and sir david A. rees frs.
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